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Status of multi-scale theory
1/7– Motivations
Dimensional flow: Changing behaviour of correlation
functions, spacetime with scale-dependent ‘dimension’ (dH,
dS). d < 4 in the UV. Universal feature in QG [’t Hooft 1993;
Carlip 2009; G.C. PRL 2010] (perturbative QG, asymptotic safety,
CDT, HL gravity, non-commutative spacetimes, LQG, spin
foams, GFT).
Dim. flow and UV finiteness? Power-counting
renormalizability (gravity)?
Phenomenology (from particle physics to cosmology)?
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2/7– Proposal and results
G.C. 2010–2012
Dimensional flow at structural level via a change of
integro-differential structure (“irregular” geometries).
Captures the effective dynamics and the dim. flow of some
non-commutative, QG, and VSL models [G.C. (et al.) PRD 2011,
IJMPA 2013; PRD 2014].
Power-counting renormalizability (gravity)?
Independent approach with a lot of exotic physics
(cosmology, particle physics, discrete geometry,. . . ) and
easily falsifiable predictions (many experimental
constraints), much more easily than QG.
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3/7– Multi-scale theories in a nutshell
G.C. 2012–2016
∫
dDxL[∂x, φi]→
∫
dDq(x)L[Dx, φi]
q(x) =
(
x +
`∗
α
∣∣∣∣ x`∗
∣∣∣∣α)Fω (ln ∣∣∣∣ x`Pl
∣∣∣∣) , `0∗ = t∗, `i∗ = `∗
Different choices of symmetries:
1 Ordinary derivatives: Dx = ∂x.
2 Weighted derivatives: Dx = (∂xq)−1/2∂x[(∂xq)1/2 · ].
3 q-derivatives (multifractal): Dx = ∂q = (∂xq)−1∂x.
4 Fractional derivatives (multifractal): Dx = ∂αx .
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4/7– Status
G.C. et al. 2012–2016
, † D2 q ∂2α
Momentum transform 7? 3 3 ?
Relativistic mechanics 3 3 3 ?
Perturbative field theory 3 3 3 3?
QFT and SM ? 3 3 ?
Perturbative renormalizability ? 7 7 3?
Phenomenology (obs. constraints) ? 3 3 ?
Gravity and cosmology 3 3 3 ?
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;5/7– How do bodies move in fractal spacetimes?
G.C. EPJC 2016 (arXiv:1602.01470)
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6/7– Observational constraints (α = 1/2)
WEIGHTED DER. t∗ (s) `∗ (m) E∗ (eV) source
∆α/α quasars < 106 < 1015 > 10−23 G.C., Magueijo, Rodríguez PRD 2014
CMB black-body < 10−21 < 10−12 > 103 G.C., Kuroyanagi, Tsujikawa to appear
Lamb shift < 10−29 < 10−20 > 1013 G.C., Nardelli, Rodríguez, arXiv:1512.06858
GW and GRB — — — G.C., arXiv:1603.03046
q-DER. t∗ (s) `∗ (m) E∗ (eV) source
CMB primordial — — — G.C., Kuroyanagi, Tsujikawa to appear
CMB black-body < 10−26 < 10−18 > 1010 G.C., Kuroyanagi, Tsujikawa to appear
muon lifetime < 10−18 < 10−9 > 102 G.C., Nardelli, Rodríguez, PRD 2016
Lamb shift < 10−27 < 10−19 > 1011 G.C., Nardelli, Rodríguez, PRD 2016
GW* < 10−39 < 10−30 > 1023 G.C., arXiv:1603.03046
GRB ∼ < 10−50 < 10−42 > 1044 G.C., arXiv:1603.03046
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7/7– Multi-scale spacetimes vs. QG:
dispersion relations and GWs
QG and string theory (IR limit k M):
E2 ' k2
[
1 + b
(
k
M
)n]
, ∆v =
dE
dk
−1 ∼
(
E
M
)n
, n = 1, 2
GW150914 event: |∆v| < 1.7× 10−18, M(n = 1) > 4× 104 eV,
M(n = 2) > 10−4 eV [Arzano, G.C. to appear].
Viable fundamental mass 10TeV < M < MPl only if
0.44 < n < 0.68 [Arzano, G.C. to appear].
Multi-scale theory with q-derivatives can be constrained by GW
alone!
E2 ' k2
[
1± O(1)
(
k
E∗
)1−α]
, 0 < 1− α < 1.
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Thank you!
Muito obrigado!
¡Muchas gracias!
Grazie!
Danke schön!
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